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Poulton on the Colors of Animals. 1 — The meaning and uses ot 
animals are stated systematically in this monograph, a valuable addition 
to the literature of this department of natural history. The classifica- 
tion shows an intimate knowledge of the subject from personal observa- 
tion and a wide acquaintance with the studies of others, whether 
embodied in occasional papers or the proceedings or transactions of 
various scientific societies. Mr. Poulton adopts the general title, 
"The Colors of Animals," in order to indicate the contents of this 
volume, although the majority of the examples are taken from insects, 
chiefly from a single order, the Lepidoptera. 

In investigating the physical cause of animal colors, their produc- 
tion is conveniently grouped under two heads, — -pigmentary and 
structural. The first includes, under a first head, colors caused by 
absorption, the effects varying with the chemical nature of the sub- 
stance (pigment). The second head includes the colors produced in 
all other ways, the efficient cause being the structure of the substance 
rather than its chemical nature. No pause is made to discuss the 
details of the causes of color by absorption, except to mention the 
observance of vibrations of very different rates. The existence of 
vibrations of light above and below the visible series is proved in 
other ways, and reference is made to the conclusion reached by Sir 
John Lubbock (" The Senses of Animals ") that it is certain that some 
animals can see vibrations which do not affect our eyes. The slowest 
vibrations that we can see produce the effect of red ; the most rapid, 
the effect of violet ; " while the intermediate vibrations cause the 
other well-known colors of the rainbow or the spectrum." 

The white markings of animals are produced in various ways. The 
writer explains the snow-like appearance of white hairs and feathers by 
the number of minute bubbles of gas which are contained in their 
interstices. "Interference colors," due to thin films of air in- 
cluded between layers of horny consistence, are then treated with 
reference to their probable production of iridescent coloring. In 
some cases it is supposed that the chinks between the layers of tissue 
are kept open by films of liquid, producing the brilliant metallic ap- 
pearance of many chrysalides. An interesting observation showed a 
brilliant golden beetle lost all its lustre after hibernating in captivity, 
but entirely regained it after drinking some water. After brief con- 
sideration of the • colors due to diffraction and refraction (prismatic 

1 The Colors of Animals, their meaning and use, especially considered in the case 
of insects. By Edward Bagnall Poulton, M.A., F.R.S. With chromo-lifhographic 
frontispiece and 66 figures in text. New York : D. Appleton & Co. 
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colors), the writer passes to the uses of colors, the chief object of this 
inquiry. 

Mr. Poulton supports his own theory of the direct physiological 
value of the uses of color to animals by a large amount of experi- 
mental evidence brought together from many sources. Some interest- 
ing conclusions were brought' forward by Lord Walsingham upon the 
predominance of dark varieties of insects and white varieties of birds 
and mammals in northern latitudes. The most widespread use of color 
appears to be its assistance to an animal in escaping from enemies 
and in capturing prey ; the former is called Protective, the latter 
Aggressive Resemblance. 

The general recapitulation of the colors of animals gives (1) non- 
significant colors ; (2) significant colors, which are subdivided into 
colors of direct physiological value, protective and aggressive resem- 
blance, protective and aggressive mimicry, warning colors, and colors 
displayed in courtship. Mimicry is an important section of special 
resemblance ; when an animal gains advantage by a superficial resem- 
blance to some other species which is well known and dreaded, because 
of some unpleasant quality, it is called protective mimicry ; when, 
however, an animal resembles another so as to be abl'e to injure the 
latter, the mimicry is considered aggressive. 

Warning colors are advantageous to enable an animal to escape 
experimental "tasting," for, when it possesses an unpleasant attribute, 
it is well to advertise the fact as publicly as possible by conspicuous 
patterns and strongly-marked colors. The colors and markings of 
butterflies and moths often represent some familiar appearance of 
withered or decayed leaves. A detail of great interest is added to the 
disguise by the semblance of a small hole to indicate piercing by 
insect larvse. Mr. Poulton allows himself to say that perhaps the most 
perfect concealment attained by any butterfly is seen in the genus 
Kallima, described by Wallace. This resembles in outline a withered 
and somewhat shriveled leaf, when at rest ; along the supposed leaf 
runs a distinct mark like a mid-rib, with oblique veining on either side. 

The color and markings of birds' eggs are supposed to be of high 
protective value as observed in their natural surroundings. 

Some remarkable instances of rapid adjustment are cited in the 
chapter on "Variable Protective Resemblance in Vertebrata," etc. 
Fishermen know that trout caught in a sandy-bottomed stream are light 
colored, while those caught in a muddy stream are dark. "It is also 
well known that the same fish will soon change in color when it passes 
from one kind of background to the other." Other animals possess the 
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same power of adjusting their color to correspond with a peculiar 
environment. It is well known that the common frog can change its 
tints to a considerable extent. In asserting that the changes of color 
depend upon the eye, and blind animals cannot vary their color pro- 
tectively, Mr. Poulton supports his position by the results of the in- 
vestigations of Lister, Briicke, and Pouchet on the physiological 
mechanism of these rapid changes of color. The change of color in 
Arctic mammals is a difficult problem. The seasonal change of color 
in birds is referred partly to aid in concealment, and also to loss 
of susceptibility to cold supposed to result from the white winter coat. 

A never-failing interest attaches to the subject of "Warning 
Colors." The history of the discovery of warning colors in cater- 
pillars is quoted with many examples, showing that the education of 
enemies is assisted by the fact that " warning colors " and patterns 
often resemble each other, and there is abundant evidence to show 
that insect-eating animals learn by experience. By a natural transi- 
tion the writer passes to a consideration of colors and markings which 
direct the attention of an enemy to some non-vital part, and which 
are not attended by unpleasant qualities. An inquiry of great charm 
directs attention to the importance of recognition markings, and the 
principles as set forth by Messrs. Wallace and Tylor. A familiar 
illustration will occur in the white upturned tail of the rabbit, by which 
the young and inexperienced are shown the way to the burrow by the 
individuals in advance of the expedition. 

In discussing the mimetic appearances of unprotected classes, it is 
made plain that the term mimicry is used for convenience, for the 
mimicking is of course unconscious, so that the use of the word is not 
likely to mislead. 

Mr. Poulton believes that the habits of Bower Birds are evidence 
for the existence of strongly-marked aesthetic taste in birds. 

In conclusion, Mr. Poulton brings together the results arrived at by 
investigations, and shows their relation to each other in a system ot 
classification. A detailed table gives the colors of animals classified 
according to their uses, one or more examples accompanying the 
definition of the terms, not those used in the body of the book, which 
were better adapted to illustrate the meaning. The writer believes 
that existing knowledge is well represented by the provisional arrange- 
ment suggested by this table. The book is thoroughly illustrated ; the 
frontispiece is a chromo-lithographic plate exhibiting remarkable in- 
stances of mimicry in South African butterflies. Mr. Poulton's scien- 
tific work has been inspired by his firm resolve to support, in however 
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small a degree, and to illustrate by new examples, the great principles 
of biology enunciated by Darwin, and in especial "the preeminent 
principle " of natural selection. 

To the above general description of Mr. Poulton's work, which we 
take, with some alterations, from a contemporary, we add the follow- 
ing comments : 

The author remarks in his preface: " It is common enough nowa- 
days to hear of new hypotheses which are believed (by their inventors) 
to explain the fact of evolution. These hypotheses are as destructive 
of one another as they are supposed to be of natural selection, which 
remains as the one solid foundation upon which evolution rests. " 2 As 
this book is a conspicuous example- of the type of thought which 
regards natural selection as the cause of evolution, we give some atten- 
tion to its method of treatment of this interesting question. This 
treatment consists, as in the case of other post-Darwinians, as Wallace, 
Lankester, etc., in a failure to consider the problem of the origin 
of the variations between which there is a struggle for existence, and 
which are therefore the materials of natural selection. It would appear 
that these scientists are generally insensible to the fact that there is 
any such question. I say generally, for occasionally each of them 
slips into an attempt to assign some physical or mechanical cause to 
a variation. The question will not down, as is illustrated in several 
places in Mr. Poulton's book. One which cannot be avoided is the 
question of the origin of significant colors, where our author, in one 
short sentence, "gives away" the whole question. On page 13 he 
remarks : "All animal color must have been originally nonsignificant, 
for although selective agencies have found manifold uses for color, 
this fact can never have accounted for its first appearance." The 
prompt avoidance of the question of origin, however, immediately 
follows, as he goes on to say : "It has, however, been shown that this 
first appearance presents no difficulty, for color is always liable to 
occur as an incidental result." We should like to know something 
about the origin of color and its distribution in animals, but of this 
we find scarcely a hint in the entire book. On the other hand, the 
book consists of full and rich illustrations of the utility of color shades 
and patterns after they have been produced. 

The question of mimicry is fully illustrated and discussed, and the 
conclusion is reached that its existence can be fully explained by 
natural selection. The real question of the origin of mimetic color- 
ation is not considered, except in a foot-note on page 224. The 

2 The italics are our own. 
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author quotes Mr. Skertchly as endeavoring to explain the origin of 
such coloration as follows : " This theory ' presupposes (a) that danger 
is universal ; (p) that some butterflies escape danger by secreting a 
nauseous fluid ; (c) that other butterflies noticed this immunity ; (d) that 
they copied it.' The opinion expressed in the words I have italicised 
will hardly be accepted by a single naturalist. I imagine that even 
the American Neo-Lamarckians do not follow their founder so far as 
to believe that the volition of an animal could account for all the 
details of mimetic resemblance." 

Both Mr. Skertchly and his critic illustrate the misunderstanding 
which may arise from a neglect of the physiology of the origin of 
variations. Yet the great value of the present work consists in the 
fact that it is a mine of information for the investigator in this direc- 
tion. Thus, on page 113 and afterwards are narrated the author's 
remarkable experiments on the imitation by the pupas of butterflies of 
the colors of the bodies to which they are attached ; experiments 
already commenced by Mr. W. W. Wood, Prof. Meldola, Mrs. McE. 
Barber, Mr. Mansel Neale, and others. Green, yellow, and reddish- 
brown surroundings were closely imitated by the colors of pupas of 
the same species placed in proximity to them. Mr. Poulton found 
with pupas of Vanessa urticoz, which have normally some gilt spots, 
that when they were placed within black surroundings they were, as a 
rule, extremely dark, with only the smallest traces, and often no trace 
at all, of the golden spots which are so conspicuous in the lighter 
forms. He then tried white surroundings on 150 chrysalides. In this 
case " not only was the black coloring matter, as a rule, absent, so that 
the pupas was light-colored, but there was often an immense develop- 
ment of the golden spots, so that in many cases the whole surface of 
the pupas glittered with an apparent metallic lustre." A gilt back- 
ground was then employed, with the result that a much higher percent- 
age of gilded chrysalides, and still more remarkable individual in- 
stances, were obtained. 

That these results are due to the direct influence of the light 
reflected from the surrounding surfaces on the body of the pupas seems 
extremely probable. The analogy, suggested by Wood, to photo- 
graphic process, is probably correctly rejected by Poulton as an 
explanation, though that some analogous process is at work seems 
very probable. The fact that where the color when once produced 
cannot be changed by exposure to another color, urged by Poulton 
as conclusively disproving Wood's theory, has no such value, since 
the process is one which is coincident with growth, and cannot be 
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seconded any more than a sensitive plate once used can receive a 
second photographic impression ; nor is it necessary with Mr. Skertchly 
to suppose that the pupa "notices" the color of its surroundings, 
though we do not know whether it is conscious of them or not. I 
have myself suggested 3 that mimetic analogy is to be explained by 
the impression produced on the reproductive elements by a sense 
impression, as in the cases of " maternal impressions," of which some 
real cases exist. Nor does such a theory require that any " volition " 
be present, such as Mr. Poulton ascribed to " the founder " of Ameri- 
can Neo-Lamarckianism. Such a hypothesis is confirmed by a fact 
mentioned by Mr. Poulton on page 238. He says : " This example 
enforces a conclusion arrived at by the study of mimetic butterflies in 
all parts of the world, — that the females are far more liable to assume 
this method of defense than the males. Thus Mr. Wallace found that 
the eastern Morphidas and the special group of swallow-tails were only 
mimicked by the females of other swallow-tails ; and similar facts have 
been observed in America. ' ' The male young have developed beyond 
the effects of the impression, while the female young have not. — 
E. D. Cope. 

Billet on the Life History of Bacteria. 4 — In addition to 
elborate laboratory work with the Cladothrix dichotoma, Bacterium 
balbianii, Bacterium osteophilum, and Bacterium parasiticitm, following 
them step by step through the filamentous, dissociated, entangled, and 
zooglceic states, and giving conclusive proof that the present classifi- 
cation of microbes is erroneous, this work has a bibliographic index of 
662 references, including the names of over four hundred authors. 

The author does much to clear up the history of this subject, and also 
points out clearly that more attention has been paid to the effects upon 
the animal economy than to the morphology. He calls attention to 
the fact that the " Cohn school " declares for one unchangeable form, 
and that Zopf merely specifies types according to the forms. 

Billet very properly claims that one form may be derived from 
another, and cites that Ray Lankester first recorded that the forms 
were not sufficient for classification, the latter being confirmed by 
Cienkowski. Billet shows that the bacterium (the short rod form) is 
able to take on sufficient length to represent the bacillus; that a num- 
ber of these can form chains ; and that the vibrio is found in different 
media to change into the spirillum. He follows the cladothrix through 

s Proceedings American Philosophical Society, 1871, p. 261. Origin of the Fittest, p. 213. 

4 Contribution a l'etude de la Morphologie et du Developpement des Bacteriacees, par 
Albert Billet, Docteur en Medecine, Medecin-Major, 2 Classe. — Bulletin Scientlfique de 
la France et de la Belgique, 1890. 



